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Abstract 
The mulch was widely practiced in cotton (Gossypium hirsutum L.) cropland in northwest China. Quantifying carbon and 
water flux was significant for maintaining the sustainable cotton production under the declining in available water in arid 
regions. In this study, the ecosystem exchange (NEE) and evapotranspiration (ET) of cotton was during 2009-2010 in 
Wulanwusu, North Xinjiang. The LAI reached to the maximum value of 7.3 m2 m-2 and 8.8 m2 m-2 around 80-90 days 
after planting. Although, the total precipitation account for 25-26% of the sum evapotranspiration (ET), the dripping 
irrigation supplied the water shortages and mulch restrained soil evaporation. Thus, the monthly total ET was more 
relayed on the irrigation than on the precipitation, and showed the supplement water was more important to oasis cotton. 
The NEP of cotton ranged from 454.23 gC m-2 y-1 to 526.31 gC m-2 y-1 during 2009-2010. The mulch made the water use 
efficiency (WUE) was 0.89 kgC m-3 y-1 and 1.11 kgC m-3 y-1, which was similar to that of crop in semi-humid regions of 
North Plane China. The results showed that mulch with dripping could maintain higher WUE and saving water in arid 
regions which had deficit irrigation. 
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1. Introduction 
Although the annual potential evaporation was nearly 15-37.5 times greater than that of rainfall, mulch 
would help to restrain soil evaporation and increase the water use efficiency of crops and vegetables in some 
water shortage areas of northwest China (Xie et al., 2005; Li et al., 2008). With the effects of mulch on the 
increasing soil temperature and soil water content, field experiments showed that mulch could also influence 
on the courses of seedling development, plant growth and pests (Ramakrishna et al., 2006; Chakraborty et al., 
2008).  
The cropland in arid regions of northwest China was called oasis cropland, which only occupied by 4% of 
total region areas but focused on over 95% of the total regional population, economy and food (Deng, 2009). 
More than 96% of water was used for agricultural irrigation in Xinjiang (Deng, 2009). Since 1990s, Xinjiang 
became the major regions of cotton production, and the covering areas of mulch expanded to 100*104 hm2. 
Some recent research on carbon and water balance of cotton under mulch with dripping irrigation in this study 
area concentrated on soil carbon flux (Li et al., 2011), biomass allocation, grain yield and water consumption 
(Zhou et al., 2012). Fewer works was based on the high temporal resolution of water and carbon flux under 
the mulching cotton in oasis cropland. 
The major objectives of our study are: (1) quantifying the carbon and water fluxes by the methods of eddy 
covariance; (2) analysing the seasonal exchanges in carbon and water. 
2. Methods and Materials 
2.1.Field site description 
The Wulanwusu was located in the Shihezi oasis (44°17’N, 85°49’E, 469m elev.), which was in the 
northern Tianshan Mountains of Xinjiang, China. The 40 years of meteorological data showed that mean air 
temperature is 7 and accumulated precipitation is 210 mm. The annual amount of evaporation reached to 
the value of 1600 mm, and was 7 times larger than that of precipitation. The average bulk density of soil was 
1.30 g cm-3, and the texture of soil belonged to sandy loam. As the major economic crop, cotton was planted at 
the middle April and harvested at the middle October. The mulch with the thickness of 0.08 mm occupied by 
80% of land surface when cotton planting, so called as ‘mulching with drip irrigation’ (Zhou et al., 2012). 
2.2.Flux and Meteorological measurements 
It used eddy covariance to continuously monitor the fluxes of carbon (Fc) and energy (latent heat, LE; 
sensible heat, H). This system consisted of three-dimensional sonic anemometer (CSAT3, USA) and an open-
path infrared gas analyzer (LI-7500, USA). The net radiation was got from a NR-lite (Kipp & Zonen, NL), 
and incident and reflecting short-wave and long-wave radiation was measured by CNR1 (Kipp & Zonen, NL).  
It used a Vaisala probe (HMP45D, Finland) to record air temperature and relative humidity, 20-cm 
diameter rain-gauge to record rainfall, EL15-1A and EL15-2D sensor(Made in Shanghai, China) to record 
wind speed and direction, respectively. 
3. Results and discussion 
3.1.Seasonal variations in climate, soil and crop  
Fig. 1 showed climate and soil factors in weekly mean values of air temperature (Ta), net radiation (Rn), 
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soil moisture (mean SWC at 0-50cm), and total precipitation from April to October in 2009-2010. The mean 
air temperature was ranged from 18.5  to 19.0  during these periods, which was around ±0.5  of 40-year 
normal temperature observed at the Shihezi meteorological station (Fig. 1A). The weekly mean Rn grew from 
less than 90 Wm-2 in mid-April to over than 120 Wm-2 at June-July, and then fell to below 30 Wm-2 at the end 
of October in 2009 and 2010 (Fig. 1B). The maximum monthly precipitation both occurred in May (54 mm in 
2009, 46 mm in 2010) in two years (Fig. 1C). 
The dipping irrigation would supplement the uneven and absence of rainfall, as well as the mulching would 
preserve soil moisture (Dong et al., 2009). Thus, the mean SWC was 0.22 mm at this period of 2009 and 2010. 
The cotton was sow at 12 April 2009 and 28 April 2010, and came to seeding emergence 15 days and 10 
days later. The value of LAI less than 1 m2 m-2 before stage of squaring, and then reached to the peak value of 
7.3 m2 m-2 and 8.8 m2 m-2 in the blooming stage of 2009-2010 (in the middle of July) (Fig. 2 A, B). The 
maximum value of 2.84kg m-2 and 2.96kg m-2 was at mid-September (Fig.2 C, D). The total aboveground 
biomass was also according to the development of LAI. The total aboveground biomass was distributed to 
leaves and stem from squaring to early blooming, and then the photosynthetic product quickly reallocated 
from leaves and stems to fruits from blooming to the ending growth. 
 
Fig.1 Weekly mean climate factors from May to October in 2009 and 2010 at Wulanwusu site: weekly mean of air temperature (Ta) (A), 
net radiation (Rn) (B), soil moisture (SWC: 0-50cm averaged) (D), and weekly total of precipitation (C). 
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Fig.2 Development of LAI and biomass in 2009 and 2010. 
3.2.Seasonal variations of carbon and water fluxes 
Fig. 3 showed the seasonal variations in NEE and ET during April-October in 2009 and 2010. NEE was 
determinate of GPP and Re, and indicated the carbon source or carbon sink in the ecosystem. The positive 
value of NEE showed the carbon release, while the negative value showed carbon storage. The cotton in 2010 
has stronger carbon sink than that in 2009 (Table.1). NEE values were negative at stage of seeding with the 
less LAI (LAI less than 1 m2 m-2), and then increased and became positive from squaring stage (mid-June) to 
blooming stage (mid-September), which showed that it was a carbon sink during major growing season (Fig. 
3 A, B). Maximum absolute value of NEE was 11.4 gC m-2 d-1 and 11.7 gC m-2 d-1 at the beginning of 
flowering period (in mid-July of 2009-2010). When the plant began senescence, the GPP reduced but Re kept 
high, thus NEE decreased and showed carbon emission from the periods of flowering to the end of growing. 
The cumulated NEE at early period of flowering was reached to top of 348 gC m-2 y-1and 455 gC m-2 y-1 in 
2009-2010.  
Seasonal patterns of ET were closed to that of NEE and LAI at the growing season. The ET was relatively 
stable during the stage of planting and seeding with the small LAI (less than 1 m2 m-2). Following the 
increased temperature, net radiation and LAI, the ET grew rapidly since early June or early July (squaring 
stage), and reached to the peak values of 6.3 mm day-1 and 5.9mm day-1 in mid-July 2009 and early-August 
2010. Afterward, ET decreased gradually until harvest time when cotton started to senesce. The value of ET 
was unstable at the end of July 2010, due to the sufficient irrigation of 75mm at 22-July 2010.  
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Fig.3 Daily mean NEE and LE from April to October in 2009 and 2010. 
Table 1 The accumulated value of NEE and ET at four development periods in 2009 and 2010. 
Items Year Seeding Squaring Flowering Boll opening
NEE (gC m-2) 2009 -40 141 348 1.5 
 2010 -57.3 100 455.3 5.4 
ET (mm) 2009 142.6 62.7 271 35.9 
 2010 128.8 58.3 275 50.1 
3.3.Annual carbon and water balance 
Table 2 showed the annual NEE and ET over the course of the study. The seasonal net ecosystem 
production (NEP) was 454.23 gC m-2 y-1 and 526.31 gC m-2 y-1 in 2009-2010. It indicated that the cotton was a 
great carbon sink during April-October. The NEP in 2009 was 14% lower than that in 2010, mostly due to 
differences in management and climatic variations.  
The cumulative ET values were 510.5mm and 472.3 mm during April-October of 2009 and 2010. On the 
average, cumulative ET was increased by 30.24 mm than that in 2010, because of the longer length of 
growing season in 2009 (187 and 159 days in 2009 and 2010). As the total precipitation was less than the total 
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ET, a large amount of irrigation which was 2.5 times and 3.5 times of rainfall was applied to cotton growth.  
The seasonal average of water use efficiency (WUE) was 0.89 kgC m-3 y-1 and 1.11 kgC m-3 y-1 during 
April-October. The average WUE of flood irrigated maize at North China Plain was about 1.10 kgC m-3 y-1in 
the year of 2003-2006 (Tong et al., 2009), similar to the WUE of cotton in oasis cropland of North Xinjiang.  
Table 2.The NEP, ET, irrigation and precipitation at cotton during growing season (Seeding-End growing) in 2009 and 2010. 
Items 2009 2010 
NEP (gC m-2 y-1) 454.23 526.31 
ET (mm) 510.57 472.33 
Irrigation (mm) 330.00 409.00 
Precipitation (mm) 134.20 118.00 
NEP/ET (kgC m-3 y-1) 0.89 1.11 
4. Conclusion 
Using the EC technique, carbon and water flux of mulching cotton was quantification in Wulanwusu 
Agrometeorological Experiment Station, Northwest China during 2009-2010. The temporal exchanges in 
carbon and water flux were estimated at the time scale of daily and seasonally. Although annual precipitation 
was no less than 140 mm during April-October, the SWC kept a stable level of 0.2-0.22 mm because of the 
mulch restrained the soil evaporation and dripping irrigation decreased the soil water stress. The irrigation 
was 330-409 mm and occupied for 65%-87% of the total ET. The seasonal NEP of mulching cotton ranged 
from 454.23 gC m-2 y-1 to 526.31 gC m-2 y-1 in 2009-2010. The WUE of cotton in this arid region was 0.89 
kgC m-3 y-1 and 1.11 kgC m-3 y-1 in 2009-2010. It indicated that mulches used in arid regions would promote 
crop production, saving water and significantly kept the higher WUE. 
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